To investigate the effect of the growth arrest-and DNA damage-inducible Gadd45a gene on the radiosensitivity of human tongue squamous cell carcinoma cell line to ionizing radiation (IR). Methods: Short interfering ribonucleic acid (si-RNA) targeting Gadd45a or an irrelevant mRNA (nonsense si-RNA) was chemically synthesized. The constructed si-RNAs were transfected into Tca8113 cells and Gadd45a expression was determined using quantitative real-time PCR and Western-blot. After 24-h exposure to IR at a dose rate of 4 Gy/min, apoptosis of Tca8113 cells was detected using flow cytometry, and radiosensitivity was measured using MTT assays. Results: IR apparently increased the expression of Gadd45a at mRNA and protein levels in Tca8113 cells. The effect was efficiently inhibited by transfection with Gadd45a si-RNA (P<0.01). Furthermore, silencing Gadd45a gene significantly increased cell viability and decreased the percentage of apoptotic cells during irradiation, which indicated that IR-induced Gadd45a over-expression could increase the radiosensitivity of Tca8113 cells. Conclusion: These results indicated that targeting Gadd45a may have important therapeutic implications in sensitizing Tca8113 cells to IR.
Introduction
Oral squamous cell carcinoma (SCC) is one of the most frequently diagnosed tumors of the head and neck [1, 2] . Despite improvements in treatment, the survival rates of patients with oral SCC have not been significantly improved over the past several decades.
Radiotherapy is one of the most commonly used treatments for cancer patients. The responses of tumor cells to ionizing radiation (IR) are often tissue specific. Some data have confirmed that postoperative radiotherapy (PORT) improved regional control of pathologic N1 neck disease [3] . Identifying molecules and mechanisms that sensitize tumor cells to IR will provide new potential therapeutic strategies for cancer treatment.
The growth arrest-and DNA damage-inducible (gadd) 45 gene family, comprising gadd45a/gadd45a, gadd45β/gadd45b/ myd118, and gadd45γ/gadd45g/cr6, is widely expressed in mammalian cells responding to stress stimuli [4] . Gadd45a gene was initially isolated from Chinese Hamster Ovarian cells (CHO) treated with ultraviolet radiation [5] . Subsequently, it was found to be induced by a wide spectrum of DNA-damaging agents and growth arrest treatments such as IR [6] , methylmethane sulfonate (MMS) [7] , growth factor withdrawal [8] , hydrogen peroxide [9] , hypoxia and many cancer chemotherapeutic drugs [10] . For over one decade, the mechanisms of Gadd45a induction have been the focus of study. Gadd45a was the first stress-inducible gene determined to be up-regulated by p53 and is also a target for the p53 homologues, p63 and p73 [11] . Among p53-regulated genes, Gadd45a has been shown to play an important role in DNA damage-induced cell responses. For example, Gadd45a deficiency caused defective UV-induced nucleotide excision repair [12] . The embryonic fibroblast cells in Gadd45a-null mouse exhibited increased aneuploidy accompanied with abnormal centromere amplification; after exposure to IR, Gadd45a-null mice also showed increased carcinogenesis compared with control mice [13] . In addition to p53, BRCA1 and FOXO3a have also been shown to activate Gadd45a gene expression [14, 15] . Furthermore, Gadd45a
Over-expression of Gadd45a enhances radiotherapy efficacy in human Tca8113 cell line www.nature.com/aps Zhang XY et al Acta Pharmacologica Sinica npg is also involved in DNA damage-induced apoptosis. Gadd45a suppresses Ras-induced mammary tumorigenesis by activation of p38 stress signaling and induces apoptosis of HeLa cells by promoting Bim translocation to mitochondria [16, 17] . However, little is known about the role of Gadd45a in control of apoptosis in the cell response to IR in vitro.
In the present study, we investigated the induction of Gadd45a gene expression following irradiation in Tca8113 cells, and assessed its effect on the sensitivity of Tca8113 cells line to IR treatment.
Materials and methods
Cell culture Tca8113 cell line was purchased from Culture Collection of Chinese Academy of Science (Shanghai, China) and routinely cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (Gibco) at 37 °C in a humidified air atmosphere containing 5% CO 2 .
Ionizing radiation (IR)
Tca8113 cells were cultured in six-well plates until 70% confluence and then exposed to IR from a VARIAN clinical 2100C/D linear accelerator (VARIAN, Palo Alto, CA, USA) at a dose rate of 4 Gy/min.
Gene silencing with si-RNA Tca8113 cells were divided into three groups for transfection: lipofectamine TM 2000 only (mock), nonsense si-RNA or Gadd45a si-RNA. Mock and nonsense si-RNA (Gene Chem, China) were regarded as control groups. Tca8113 cells were planted in six-well plates. The cells reached 40% confluence, and then the media was changed to opti-MEM (Invitrogen, USA). The cells were transfected with the Gadd45a si-RNA or control si-RNA (100 nmol/L) premixed with the lipofectamine TM 2000 (Invitrogen, USA) in Opti-MEM. At 6 h after transfection, the cells were placed in fresh complete medium without penicillin and streptomycin. The sequences of Gadd45a si-RNA and nonsense si-RNA were listed in Table 1 .
Quantitative real-time RT-PCR analysis for Gadd45a
Total RNA was extracted from Tca8113 cells using the Trizol (Invitrogen, USA) method as recommended by the manufacturer. The quantity and concentration of the purified RNA were assessed by 260/280 optical density (OD) measurements on a spectrophotometer (Biochrom, USA). An equal amount of RNA was reverse transcribed with the First Strand cDNA Synthesis kit (Fermentas, EU). To determine the level of Gadd45a mRNA, real time quantitative PCR analysis was performed with Light Cycler 2.0 (Roche Diagnostics, Switzerland) according to the protocol recommended by TaKaRa SYBR_ Premix Ex Taq TM (TaKaRa, Japan). Thermal cycling parameters were as follows: an initial incubation of 95 °C for 30 s, and then 40 cycles of 95 °C for 5 s and 55 °C for 20 s and 72 °C for 15 s. The Gadd45a mRNA expression level was normalized to the median expression of β-actin. Gene-specific forward (F) and reverse (R) primer sequences for Gadd45a and β-actin were summarized in Table 2 .
Protein extraction and Western blot analysis
Cellular protein extracts were prepared by homogenization in an ice-cold buffer [50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1% Triton X-100, 2 mmol/L EDTA (pH 8.0), 2 μg/mL aprotinin, 5 mmol/L dithiothreitol and 0.2 mmol/L phenylmethylsulphonyl fluoride, 1 mmol/L PMSF, 10 μg/mL leupeptin] for 30 min. The lysates were centrifuged at 15000×g for 15 min at 4 °C and protein concentrations of the supernatants were determined by BCA protein assay kit (Calbiochem, USA). Equivalent amount of protein (80 μg) was electrophoresed on a 12% polyacrylamide gel and electrotransferred onto Immobilon-P (Millipore). After being blocked with 5% non-fat milk, the membrane was incubated overnight at 4 °C with rabbit polyclonal anti-human Gadd45a antibodies (dilution 1:500, Millipore; 07-1230), then washed and incubated with goat polyclonal anti-rabbit HRP-labeled secondary antibody (Santa Cruz, CA) in TBST (TBS containing 0.05% Tween 20) for 2 h. The bands were detected by enhanced chemiluminescence (ECL). The intensities of acquired bands were measured by computerized image analysis and normalized to tubulin as the internal control.
MTT assays for determination of cellular viability
The antiproliferative effect of Gadd45a gene was evaluated using the MTT assay as described by Azria [18] . Exponentially growing cells were seeded into 96-well plates (6 000/well) and transfected as mentioned above. Tca8113 cells transfected with the Gadd45a si-RNA and the control cells were irradiated in the dose range from 0 to 10 Gy. After 24-h exposure to IR, the viability of the cells was analyzed using MTT colorimetric assay. MTT was a pale yellow tetrazolium salt that produces a dark blue formazan product when incubated with the living 
Results

Basal and IR-induced Gadd45a expression in Tca8113 cells
We initially examined the effect of IR on Gadd45a expression in human Tca8113 cell lines by quantitative real-time RT-PCR and Western blot analysis. Gadd45a induction was assessed by comparing the basal level to that present 24 h following treatment with 4 Gy or 10 Gy IR. As shown in Figure 1A , IR obviously induced Gadd45a mRNA expression compared with the basal level (0.000965±0.00005 vs 0.000387±0.00002 and 0.001644±0.000065 vs 0.000387±0.00002) in the dose range examined. Consistently, Gadd45a protein level detected by Western blot was also induced by 10 Gy IR (P=0.0028) although Gadd45a protein level observed in Tca8113 cells treated with 4 Gy IR had no statistical difference in comparison with the basal level (P=0.0513, Figure 1B ).
Gadd45a si-RNA suppressed the expression of Gadd45a
Quantitative real-time RT-PCR and Western blot were performed to determine whether the expression of Gadd45a mRNA and protein were knocked down by Gadd45a siRNA. The levels of Gadd45a mRNA and Gadd45a protein in the group transfected with Gadd45a si-RNA were significantly decreased compared with the control groups (P<0.01), demonstrating that the expression of Gadd45a was effectively restrained by si-RNA (Figure 2) . Although Tca8113 cells transfected with Gadd45a si-RNA had an increase in Gadd45a mRNA expression following treatment with 10 Gy IR (P=0.0489), the level of Gadd45a protein was not markedly elevated (P=0.0566).
Gadd45a si-RNA inhibited the radiosensitivity of Tca8113 cells MTT assays were used to examine the effects of Gadd45a si-RNA on the radiosensitivity of Tca8113 cells. As shown in Figure 3 , irradiation resulted in a dose-dependent reduction in cell survival fraction, and the effect was significantly inhibited in the cells transfected with Gadd45a si-RNA compared with nonspecific control cells (P<0.05). 
IR-induced over-expression of Gadd45a increased the apoptosis of Tca8113 cells
To determine whether the increased expression of Gadd45a modulated the apoptosis of Tca8113 cells exposed to IR, flow cytometry measurement was used to quantify the percentage of apoptotic cells in the total cell population. After 24-h exposure to 4 or 10 Gy radiation, a significantly lower percentage of apoptotic cells was observed in Tca8113 cells transfected with Gadd45a si-RNA than the other groups (P<0.01, Figure 4 ).
Discussion
Squamous cell carcinoma (SCC) accounts for more than 90% of malignancies of the oral cavity and oropharynx [19] . Patients with SCC are generally treated with surgery in combination with radiotherapy [20, 21] . However, permanent xerostomia is a common complication of radiation therapy for head and neck [22] . Therefore, it is essential to develop more effective radiotherapy regimens for oral SCC.
The responses of tumor cells to IR are often closely related to pathway aberrations present in tumors. The Gadd45a gene is a member of a group of genes that have been characterized as important players that participate in cellular response to a variety of DNA damage agents [23] . In previous studies, the human Gadd45a has been found to be strongly and rapidly induced by X rays [6, 24] . In the present study, we explored the induction of Gadd45a gene in Tca8113 cell line. At 24 h after radiation treatment, the levels of Gadd45a mRNA and protein in Tca8113 cells were markedly up-regulated than the baseline level and graded doses of radiation produced obviously linear increases of Gadd45a mRNA in the dose range examined. These results implied that the induction of Gadd45a by IR in Tca8113 cells was specific and long-lasting. Similar results have also been shown in human myeloblastic leukemia ML-1 cells [25] . Gadd45a was primarily considered as a pro-apoptotic gene, and has been reported as being able to activate the mitochondrial pathway of apoptosis [26] . It has been reported that knockdown of Gadd45a led to increased growth and survival of FDB1 myeloid cells [27] . Moreover, Zhang et al found that high level expression of Gadd45a sensitized M1 myeloblastic leukemia and H1299 lung carcinoma cell lines to apoptosis induced by gamma-irradiation [28] . However, inactivation of Gadd45a gene has been reported to sensitize transgenic tumor mouse to radiation treatment [29] . In the current study, we further reveal the role of Gadd45a in the response of oral cancer cells to IR treatment using si-RNA. This approach has been used previously in other cell types, and gene silencing of Gadd45a led to disruption of functions including its ability to induce apoptosis [30, 31] . We showed that Gadd45a si-RNA specifically repressed Gadd45a expression, and the inhibition reduced cell apoptosis and enhanced proliferation of Tca8113 cells after exposure to radiation. Our results demonstrated that Gadd45a inactivation reduced the sensitivity of Tca8113 cells to IR and the high level Gadd45a expression induced by IR might contribute to apoptosis of oral cancer cells. The gene therapy targeting Gadd45a in tumor cells could have important implications for the development of novel strategies in radiotherapy of oral SCC.
In conclusion, the results not only provided a better understanding of the biological function of Gadd45a but also suggested that Gadd45a might be a critical target for enhancing radiosensitivity of oral SCC. Although Gadd45a expression is correlated with the apoptosis induced by IR in Tca8113 cells, further research on the mechanism involved in IRinduced apoptosis is essential for development of therapeutic approaches for oral SCC.
